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Abstract 
One of the basic problems at creation of powerful electron-beam sustained discharge lasers is achievement of the 
greatest possible intensity of an electric field in the charge volume limited to the aperture of the resonator and 
uniformity of power pumping on this volume. In our opinion known types of electrodes, for example, [1,2], etc. are 
not optimum, and the recommendations [3] hallmarking a ratio of electrodes width to interelectrodes distance as 4:1, 
are a little bit overestimated. 
It is shown, what even at high uniformity of an electric field in the interelectrodes volume covered with the 
optical resonator, heterogeneity of pumping power density in cross section of the charge can reach 100 %.  
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1. Introduction 
Electron-beam sustained lasers are high-end technologies and expensive constructions meant for obtaining high 
power laser radiation. The results achieved in 70-80 years gave the information on their opportunities [1-3]. New 
physical discoveries and new technological opportunities have distracted researchers on other types of lasers. In 
result interest to lasers has fallen. Use of modern numerical modelling enables to systematize earlier obtained data 
(20-30 years ago), to calculate parameters of designs which are not yet enough investigated, and to find variants at 
which average energy deposition in a pulse-periodic mode in volume of the resonator would increase in 1,5 times in 
comparison with earlier achieved results. 
The model used for numerical modelling includes: 
• Propagation of a beam of accelerated electrons through a foil, elements of a design of the laser, the gas medium; 
• Formation of conductivity in the gas medium due to creation of secondary electrons; 
• Formation of a spatial distribution of an electric field in the gas medium which is defined by a configuration of 
electrodes and conductivity of gas; 
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• The self-consistent interaction of an electric field and propagation of an electron beam. 
The program realizing all these procedures refers to "Dose_B". It is in more detail described in article [4]. 
On Fig. 1 possible variants of accelerated electron trajectories and elements of electrode system are shown. The 
axis of the optical resonator is in the middle between anti streamer lattice 3 and the anode 4. 
 
 
Fig.1. Simulation of electron-beam sustained discharge laser.    1 – foil, 2 – gas, 3 –anti streamer lattice (1,3 - cathode), 4 - anode 
One of the basic problems at creation powerful wide-aperture electron-beam sustained lasers is achievement of 
the greatest possible intensity of an electric field in the discharge volume limited to the aperture of the resonator (or 
the amplifier) and uniformity of pumping on this volume. In our opinion known types of electrodes, for example, 
[1,2], etc. are not optimum, and the recommendations [3] fixing a ratio of electrodes width to interelectrode distance 
as 4:1 are a little bit overestimated. 
Accelerated electrons of a beam due to scattering on molecules of gas and elements of a design create 
conductivity of the gas medium in wider area, than an output window of the accelerator. We are interested with 
energy of the discharge absorbed in volume of the resonator which is defined by the sizes of mirrors. The share of 
energy of the discharge, absorbed in volume of the resonator, depends on the sizes of the anode: width of a flat part 
and radius of rounding. Optimization of these sizes is the purpose of this work. 
2. Optimization of electrode system 
We offer a method of optimization of electrode system of the wide-aperture electron-beam sustained lasers, based 
on the numerical modeling, confirmed by results of our experiments and approved by calculation of results of works 
[1, 2, 3]. Optimization of electrode system of the CO2 electron-beam sustained lasers has been executed using 
program “Dose_B”. The description of the program “Dose_B” is given in [4]. 13 types of the electrodes differing in 
width of a flat surface and radius of a rounding off of the anode edges are investigated, the data about which are 
submitted in table 1.  
The transparent cathode represented itself a lattice from copper bars in diameter 8 mm with step 25 mm. The 
length of electrodes along an axis of the resonator was constant and was equal 700 mm, the distance between them 
was equal H=200 mm. The electron accelerator with the thermo-cathode and in the sizes of foil output windows 
250×650 mm formed an electron beam with energy 300 keV and density of a current of a beam (on the anode of the 
flash charmber) 2 mA/cm2. The dividing foil was two-layer (15 ȝm Al + 30 ȝm Ti), the distance of output window 
from edge of a cathode lattice has made 9 cm. A constant voltage of the sustained discharge was equal 105 kV, 
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capacity of the condensers battery 25 ȝF, duration of a pulse of the sustained discharge was equal to duration of a 
pulse of a current of a fast electron beam and was equal 45 ȝs. Criteria of efficiency of an electrodes design were: 
1) the ratio of energy deposition in the volume of the resonator E to energy deposition in the volume of the resonator 
E0 for optimum anode construction E/E0; 2) the ratio full energy deposition W to full energy deposition W0 for 
optimum anode construction W/W0. Calculation was executed for two volumes covered with the resonator, with 
cross section of a laser beam 200×250 mm and 200×400 mm (height×width), the lengths were identical. In Fig. 2 
and 3 E/E0 and W/W0 for these two variants in relative units are submitted. As optimum value has been accepted 
energy deposition for the anode No 7. For that anode E/E0= W/W0=1. For another numbers the ratio of deposition 
energy to deposition energy for the anode No 7 in volume of resonator E/E0<=1. Expansion of a flat part of the 
anode more than 40 cm is not meaningful, as for anodes with numbers 8-13 value E/E0<=1 (Fig. 2,3). For a width of 
a flat part less than 40 cm the value E/E0<1, even at the greater radiuses of rounding. 
 
Table 1. Parameters of the anodes. 
A - width of a flat part of the anode, R - radius of a rounding off of edge of the anode, No – anode number 
No 1 2 3 4 5 6 7 8 9 10 11 12 13 
A, cm 1 1 1 10 20 30 40 50 60 70 80 90 100 
R, cm 60 90 35 30 20 25 15 15 15 15 15 15 15 
 
  
Fig. 2. The ratio of deposition energy to deposition energy for the 
anode No 7. In all volume × - W/W0; in volume of resonator Ŷ - 
E/E0. For the cross section of a laser beam 200×250 mm 
Fig. 3. The ratio of deposition energy to deposition energy for the 
anode No 7. In all volume × - W/W0; in volume of resonator Ɣ - 
E/E0 For the cross section of a laser beam 200×400 mm 
 
From Fig. 2,3 and table 1 follows, that in both cases the anode with width of the flat part equal to two distances 
anode - cathode Ⱥ:ɇ § 2:1 is optimum, at radius of a rounding off of edges of anode R=15 cm. 
In our opinion application of anodes with the greater width A and radiuses of rounding off R is inexpedient, as 
with increase in the sizes of the anode energy deposition in volume of the resonator does not grow any more though 
full energy deposition grows up a little. Besides the increase in width of the anode creates the additional problems 
connected to necessity of increase of the sizes of the discharge chamber. 
For the Fig. 3 and in table 1 anodes No 10-12 were not calculated.  
Results of these calculations have proved to be true also for various laser mixes, materials and thickness of a foil 
of the accelerator, distances output windows of the accelerator from edge of a cathodic lattice. However application 
of a foil of the accelerator with small nuclear number (mylar) and small thickness allows to reduce some ratio 
Ⱥ:ɇ  2. The increase in distance of output windows from edge of a cathodic lattice allows to improve distribution 
of density of power pumping on interelectrode volume, but demands observance of ratio Ⱥ:ɇ 2. 
We have checked up a correctness of our calculations, having compared them with results of works [1, 2] from 
which technical and geometrical parameters have been taken. The example of distribution of density of power for 
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work [1] is resulted on the Fig. 4, and on Fig. 5 the comparison of calculated distribution of power deposition on 
height of a discharge gap in the center of the discharge chamber in comparison with distribution of gain factor of 
work [1] (in relative units) is resulted. On figures 4, 6 and 7 center of anode corresponds to x=0 and surface of foil 




Fig. 4. Our calculation. The right symmetric half of the pumping power 
density distribution for work [1]. The values on level curves in kW/cm3. 
Solid line above shows output window of accelerator 
Fig. 5. The comparison of calculated distribution of power 
deposition on height of a discharge gap in the center of the discharge 
chamber (solid line) in comparison with distribution of gain factor of 
work [1] (daggers) in relative units 
 
From Fig. 4 it is visible, that there is a significant heterogeneity of pumping on volume of the resonator of the 
aperture 135×260 mm with a maximum a little bit displaced to the anode from the center of discharge volume. 
These results also prove to be true comparison (in relative units) distributions of gain factor (Fig. 28 [1]) with our 
calculated pumping distribution in the center along an axis "cathode - anode" of a discharge gap, the divergence on 
the average does not exceed 12 % (Fig. 5). 
We also have compared our calculations to results of work [2] as the geometry of a design and key parameters of 
calculations and the experimental test bench [2] are close to our conditions. Authors [2] came to a conclusion, that 
the increase in the sizes of the anode results to significant (up to 60 %) increase in intensity of an electric field in a 
cathode zone (at border of an electronic beam), caused by a gradient of electron concentration in a direction the 
cathode - anode, and also to significant (up to 50 %) increase in losses in a peripheral zone of the discharge. 
We have executed calculations [2], for two cases: 1) variant [2]; 2) the optimum variant of a design 
corresponding to the anode Num 7 (table 1). Results of calculations are resulted on Fig. 6 and 7. In calculation are 
accepted: the working substance - nitrogen at atmospheric pressure, average electron energy 200 keV, density of a 
current behind the cathode of 2 mA/cm2, attachment is absent, a separating foil of the accelerator from aluminium 
of thickness 30 ȝm, average intensity of a field of the discharge 3,5 kV/(cm×atm). In variant 1): electrodes in width 
320 mm, the anode radius of rounding 2 cm, distance between them 200 mm; in variant 2): electrodes optimum (a 
design of Num 7 tab. 1).  
Comparison of our calculations with results [2] has shown the following. At similar character of pictures of 
pumping distribution in the central part of a discharge gap in both cases, pictures of pumping distribution on borders 
of the discharge considerably differ, is especial in the area of interface of a flat and cylindrical part of the anode. In 
our case it is not observed also significant gradients on border of an electron beam. There is only characteristic 
decrease to edge of distribution. Besides, the maximum pumping is located in the center of a discharge interval. The 
reasons of a divergence demand more detailed analysis of a measurement method of density of an electron beam 
absorption [2] on which electron concentration in the discharge was determined.  
The pumping density of distribution in an optimum case (Num 7) is practically homogeneous on all volume 
(200×320 mm). The conclusion of authors [2] about some increase pumping outside of the aperture 200×320 mm 
proves to be true also, however the part of the energy deposition in volume 200×320 mm is kept constant. From 
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practice of experiments it is known, that the heterogeneity of an electric field getting in a pumping zone (variant 1), 
considerably reduces an opportunity of achievement limiting pumping energy because of development streamer 
breakdown in these zones. Therefore with other things being equal variant 2 is preferable at application of the 
discharge, both in nitrogen, and in a laser mix. 
  
Fig. 6. Calculation of pumping power on variant 1. The right 
symmetric half. The values on level curves in kW/cm3. Solid line 
above shows output window of accelerator 
Fig. 7. Calculation of pumping power on variant 2. The right 
symmetric half. The values on level curves in kW/cm3. Solid line 
above shows output window of accelerator 
Experiments are carried out on the pulse EBSL ɋɈ2 laser with atmospheric pressure of a mix of structure 
CO2:N2:He=1:5:4:, distance between electrodes equally 210 mm, a ratio of flat parts of electrodes in relation to 
interelectrode distance A:H§2. Two types of resonators at which the pumping volume, covered with the resonator, 
was equal 200×250×700 mm and 200×400×700 mm were applied. Fast electron energy varied from 200 up to 350 
keV, density of an electron current - from 1 to 5 mA/cm2, duration of a pulse from 10 up to 50 ȝs. The voltage 
varied from 50 up to 130 kV and was supplied to the anode of the laser from the condensers battery in capacity 
25 ȝF. 
Comparison of experimental and calculated results on full energy deposition in discharge volume of the laser has 
yielded the following results. The measured energy deposition values on the average on 17 % exceed calculated 
values on the above-stated method that is in a zone of total errors of measurements of electric parameters and 
parameters of the accelerator electrons (±20 %). 
By numerical calculations in a zone of the resonator 200×250×700 mm ~50 %, and in a zone of the resonator 
200×400×700 mm ~70 % from full pumping energy on the average get. 
Comparison of results [3] with our calculations has shown, that electrodes with a ratio of flat parts of electrodes 
A:H2 are outside the optimum sizes. 
3. Conclusion 
Thus, as a result of numerical simulation processes of the discharge in the wide-aperture electron-beam sustained 
CO2 laser the optimum configuration of electrodes, at which ratio of flat parts A:H§2 is found. 
It is shown, what even at high uniformity of an electric field in the interelectrode volume covered with the optical 
resonator, heterogeneity of pumping power density in cross section of the discharge can reach 100 %. The optimum 
configuration of electrode system for the given design of the laser strongly depends from: thickness and a material 
of a foil of the accelerator; distances from output windows of the accelerator up to a cathodes lattice; ratio of 
electrodes width to interelectrode gap and poorly depends on structure and parameters of a laser mix. 
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